The proper management of irrigation and mineral nutrition is critical to the success of crops, especially crops grown under salt stress conditions. The objective of this study was to evaluate the production and oil content of castor plants (Ricinus communis L.) irrigated with brackish water with different salinity levels (0.6, 1.6, 2.6, 3.6, and 4.6 dS m -1 ) and grown under different nitrogen levels (50, 75, 100, 125, and 150 mg of N kg -1 soil). These treatments were arranged in a completely randomized block design with a 5 × 5 factorial scheme and three repetitions, totaling 75 experimental units. The interaction effect between salinity levels and nitrogen levels affected fruit weight per plant and oil content, and irrigation with brackish water with an electrical conductivity starting at 0.6 dS m -1 reduced the number of racemes per plant, number of fruits, and the weight of fruits and seeds.
Introduction
The increase in agricultural production has required more water for irrigation and, in conditions of limited water resources for irrigation, the trend has been the use of alternative quality water such as brackish water, which is abundant in the semiarid regions of Brazil (NOBRE et al., 2011) .
However, the use of brackish water in irrigation requires adopting practices that mitigate its deleterious effect on the soil and crops, including the choice of tolerant plant species and cultivars, water mixing, use of water sources with different salinity levels, and the management of nitrogen fertilization. The latter is one of the main techniques used to increase crop productivity under salt stress conditions (MARINHO et al., 2010) .
Nitrogen fertilization can promote plant growth and reduce the effect of salt stress on plants (BARHOUMI et al., 2010) . In this respect, the nitrate to chloride ratio in plants may be an essential indicator of their tolerance to salinity, and high levels of chloride and nitrate lead to disorders due to the antagonistic effect between these ions (GREENWAY; MUNNS, 1980) . The effects of nitrogen on plant metabolism, including the formation of proteins, amino acids, and nucleic acids, are even more significant under salt stress conditions and include better osmotic adjustment and higher oil production (BARHOUMI et al., 2010; MARINHO et al., 2010) . Although mineral nutrition is crucial for plant development, and nitrogen is the macronutrient most required by agricultural crops (MILLER; CRAMER, 2004) , cultivation under salt stress requires the use of a combination of cultivation techniques, including nitrogen fertilization, to maximize crop yield (MARINHO et al., 2010) .
Castor plants (Ricinus communis L.) from the family Euphorbiaceae stands out because of their high agroindustrial potential and tolerance to environmental stresses such as drought, presence of heavy metals, and salt stress (BABITA et al., 2010) . These characteristics allow their cultivation in the semiarid regions of Brazil, and this activity creates jobs and generates income for family farmers living in this region (NOBRE et al., 2012) . Castor oil has been used as a raw material for biofuel production because of its long shelf life, high solubility, and production cost-effectiveness (ENCINAR et al., 2012) .
The objective of this study is to evaluate the production and oil content of castor plants irrigated with water with different sodium chloride concentrations and grown under different nitrogen levels.
Materials and Methods
The study was conducted in a greenhouse of the Graduate Program in Agricultural Engineering of the Federal University of Campina Grande (7°15'18'' S, 35°52'28'' W, mean altitude of 550 m) under mean climatic conditions, with temperatures ranging from the maximum annual average of 28.6 °C and the minimum of 19.5 °C, mean relative humidity of 80%, and average solar radiation of 18 MJ/m 2 day -1 .
The treatments consisted of irrigation water with different electrical conductivity (EC) (0.6, 1.6, 2.6, 3.6, and 4.6 dS m -1 ) for growing castor plants (cv. BRS Energia) under different nitrogen levels (50, 75, 100, 125, and 150 mg kg -1 soil). These treatments were arranged in a completely randomized block design using a 5 × 5 factorial scheme and three repetitions.
The experimental plots consisted of drainage lysimeters constructed with 100-L plastic pots with two holes in the bottom and connected to plastic containers by a tube to collect the drained volume. Each pot was filled with a layer of coarse gravel (1 kg) and a layer of soil (120 kg) with a nylon mesh between the two layers. The pots were filled up to a height of 5 cm from the upper edge.
The soil used was collected in the São José da Mata district, Campina Grande, state of Paraíba, Brazil (7º04'11.0" S 36º00'24.8" S) in the 0-30 cm deph and was classified (EMBRAPA, 2006) as eutrophic Regolithic Neosol. The soil presented the following composition according to Claessen (1997) : sand (734 g kg -1 ), silt (168 g kg -1 ), clay (98 g kg -1 ), density (1.42 kg dm -3 ), and porosity (49.47%).
The following exchangeable ions were present in the soil: Ca, 11.9 mmol c kg -1 ; Mg, 11.9 mmol c kg -1 , Na, 5.6 mmol c kg -1 ; K, 0.6 mmol c kg -1 ; pH of the saturation extract, 5.22; EC of the saturation extract, 0.52 dS m -1 ; Ca 2+ , 2.75 mmol c L -1 ; Mg 2+ , 2.13 mmol c L -1 ; Na + , 1.54 mmol c L -1 ; K + , 0.53 mmol c L -1 ; Cl -5.00 mmol c L -1 ; CO 3 2-, 0 mmol c L -1 ; HCO3 -, 1.60 mmol c L -1 ; saturation percentage, 20.0%. The soil was non-saline and non-sodic, and soil texture was sandy loam.
With respect to mineral fertilization, at the time of pot filling, 300 mg of P 2 O 5 (100% of respective dose), 50 mg of K 2 O (1/3 of the total recommendation), and urea (1/3 of the recommendation) were used for each kg of soil. In topdressing fertilization, the remaining nitrogen and potassium (2/3 of the recommendation) were distributed in five equal applications at 20, 30, 40, 50, and 60 days after sowing (DAS) to avoid salt accumulation.
Water sources were prepared by dissolving sodium chloride in the municipal supply water (Richards, 1954) . Irrigation was performed daily, and the calculation of the irrigation volume was based on the soil water balance, as follows: water volume used in the previous irrigation minus the drained volume plus a leaching fraction of 10% to prevent salt buildup in the soil. Irrigation was performed manually.
Sowing was carried out at field capacity, and six seeds were distributed equidistantly in each pot at a depth of 2 cm. Thinning of the less vigorous plants was performed at 20, 30, and 42 DAS, leaving one plant per pot. Throughout the crop cycle, no hydroclimatological changes or phytosanitary problems compromised plant development. The weeds were removed weekly by hand.
The following variables were analyzed at the end of the crop cycle (120 DAS): number of racemes per plant (NRP), number of fruits in the main raceme (NFMR), number of fruits per plant (NFP), weight of fruits in the main raceme (WFMR), weight of fruits per plant (WFP), number of seeds in the main raceme (NSMR), number of seeds per plant (NSP), weight of seeds in the main raceme (WSMR), and weight of seeds per plant (WSP). Seed oil content (OC) was determined as recommended by the AOCS (2000).
After performing the normality test, the data were subjected to analysis of variance using the F-test at a level of significance of 5% and 1%. In cases of significance of the interaction effect between salinity levels and nitrogen doses, the effect was analyzed and, in the other cases, the isolated effects were compared by polynomial regression analysis using statistical software (FERREIRA, 2011).
Results and Discussion
NRP, NFMR, NFP, WFMR, and WFP were strongly affected by the salinity level of the irrigation water, whereas nitrogen fertilization influenced WFMR and WFP. There was a significant interaction effect between salinity and nitrogen doses on WFP (Table 1) .
There was a 1.56 unit decrease in the NRP per unit increase in the EC of irrigation water ( Figure  1A) . Nobre et al. (2012) observed that the NRP decreased by 14.2% per unit increase in EC in the same castor plant cultivar used in the present study. In both cases, irrigation water salinity affected the NRP, probably because of changes in the absorption and utilization of essential nutrients (AMORIM et al., 2010) . A.
B.
There was a linear decreasing trend in the NFMR (19.3 units per unit increase in EC) and NFP (51.1 units per unit increase in EC) as irrigation water salinity increased. Santos et al. (2012) have shown that this tendency is because the plants adjust osmotically by using energy to store sugars, organic acids, and ions in the vacuoles, consequently reducing the amount of energy available for plant growth and production. C.
D.
E.
There was a linear decreasing trend in the NFMR (19.3 units per unit increase in EC) and NFP (51.1 units per unit increase in EC) as irrigation water salinity increased. Santos et al. (2012) have shown that this tendency is because the plants adjust osmotically by using energy to store sugars, organic acids, and ions in the vacuoles, consequently reducing the amount of energy available for plant growth and production.
The estimated decrease in WFMR was 25.58 g per unit increase in EC in irrigation water, and WFMR in plants irrigated with water of EC of 4.6 dS m -1 decreased by 76.9% relative to control cultivated The estimated decrease in WFMR was 25.58 g per unit increase in EC in irrigation water, and WFMR in plants irrigated with water of EC of 4.6 dS m -1 decreased by 76.9% relative to control cultivated with 0.6 dS m -1 ( Figure 1C ). Nevertheless, Silva et al. (2008) analyzed two castor plant cultivars (BRS Paraguaçu and BRS Energia) irrigated with brackish water with different salt levels (0.7, 2.7, 4.7, and 6.7 dS m -1 ) and concluded that WFMR at 4.7 dS m -1 was 96.7% lower than that at 0.7 dS m -1 , and the reduction was statistically similar between the cultivars.
The analysis of the interaction effect between treatments indicated that the unit increase in EC in irrigation water decreased WFP by 18.1, 20.0, 19.4, 20.6, and 19.8% in plants fertilized with 50, 75, 100, 125, and 150 mg of N kg -1 , respectively ( Figure  1D ). The analysis of nitrogen fertilization indicated that salinity decreased WFP in plants irrigated with water with an EC between 0.6 and 1.6 dSm -1 ( Figure  1E) . In the first case, WFP was highest (301.9 g) at a nitrogen dose of 125.5 mg kg -1 and decreased to 293.5 g at a dose of 150 mg kg -1 . In the second case, WFP increased linearly by 31.4% from a nitrogen dose of 50 mg kg -1 to 150 mg kg -1 of soil.
The increase in fruit weight in plants irrigated with water with an EC between 0.6 and 1.6 dS m -1 may be related to the salt concentration in the root zone and indicates that when ECa is within the set limits, the plant responds more consistently to nitrogen fertilization with significantly increasing yield.
Irrigation water salinity had a significant effect on NSMR, NSP, WSMR, WSP, and OC. Nitrogen fertilization did not significantly affect these variables; nonetheless, the interaction effect between salinity levels and nitrogen doses strongly affected OC (Table 2) . In plants irrigated with water of EC of 0.6 dS m -1 , NSMR was estimated at 350.38 units and decreased by 24.4, 48.8, 73.3, and 97 .7% in plants cultivated with an EC of 1.6, 2.6, 3.6, and 4.6 dS m -1 , respectively (Figure 2A ). Lima et al. (2015) observed that NSMR decreased 33.39 units per unit increase in EC in castor plants of the same cultivar irrigated with an EC between 0.3 and 3.9 dS m -1 , and attributed these results to the toxic effects of salts absorbed by plants, especially Na + and Cl -, the low osmotic adjustment capacity of the crop, and the reduction in total water potential caused by the increase in salinity. NSP decreased linearly by 85.2% as EC increased from 0.6 to 4.6 dS m -1 , corresponding to a reduction of 553.8 seeds per plant (Figure 2A ). WSMR decreased by 20, 40, 60, and 80% using irrigation water with an EC of 1.6, 2.6, 3.6, and 4.6 dS m -1 , respectively, relative to an EC of 0.6 dS m -1 ( Figure 2B) WSMR decreased by 20, 40, 60, and 80% using irrigation water with an EC of 1.6, 2.6, 3.6, and 4.6 dS m -1 , respectively, relative to an EC of 0.6 dS m -1 ( Figure 2B) . Similarly, Silva et al. (2008) evaluated the development and production of two castor plant cultivars (BRS Paraguaçu and BRS Energia) under salt stress and found that seed weight in plants maintained at an EC of 4.7 dS m -1 was 96.8% lower than that of plants cultivated with 0.7 dS m -1 water, and this reduction was attributed to the sensitivity of castor plants to irrigation water salinity.
WSP was also affected by EC and decreased by 92.77% as EC increased from 0.6 to 4.6 dS m -1 , corresponding to a reduction of 162.7 g ( Figure 2B ). These results corroborate those found by Lima et al. (2014) , in which WSP decreased by 72.7% in castor plants cv. BRS Energia as the EC of irrigation water increased from 0.4 to 4.4 dS m -1 .
OC was maximum (55.34%) in plants fertilized with 50 mg of N kg -1 of soil at an EC of 1.21 ds m -1 ( Figure 2C) . OC was higher than 52% in plants irrigated with brackish water at the analyzed EC range using nitrogen doses higher than 75 mg kg -1 of soil. Nonetheless, OC was not detected in plants maintained at 4.6 dS m -1 . Nobre et al. (2012) found that OC decreased up to 27.9% in castor plants cv. BRS Energia irrigated with water of EC of 4.4 dS m -1 and concluded that the increase in EC decreased OC linearly by 2.5% and 7.0% in primary and secondary racemes, respectively, in plants maintained at 4.4 dS m -1 relative to those maintained at 0.4 dS m -1 .
The increase in nitrogen dose from 50 to 150 mg kg -1 increased OC by 14.66% in plants irrigated with brackish water of EC 3.6 dS m -1 ( Figure 2D ). The increase in nitrogen doses did not significantly affect OC in plants irrigated with water of EC 0.6, 1.6, and 2.6 dS m -1 , which remained above 52%. However, OC was not detected in plants irrigated with water at 4.6 dS m -1 . In contrast, Nobre et al. (2012) observed that a 25% increase in the recommended nitrogen dose caused an average decrease of 3.6% and 3.5% in the OC of seeds in the primary and secondary raceme, respectively, in castor plants cv. BRS Energia irrigated with brackish water. Duarte et al. (2005) and Silva et al. (2007) found that OC was not affected as nitrogen fertilization increased. Severino et al. (2006) reported that OC in commercial castor plant cultivars was 48%, whereas the OC obtained in the present study was higher than 52%.
Conclusions
1. The interaction effect between salinity levels and nitrogen doses affected the weight of fruits per plant and the oil content of caster seeds.
2. The use of brackish water in irrigation reduced the number of racemes per plant, number of fruits, weight of fruits, and weight of seeds of castor plants cv. BRS Energia.
